INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, inflammatory, autoimmune disease that requires long-term treatment. Current guidelines by the American College of Rheumatology (ACR) and European League Against Rheumatism state that the goal of treatment for RA is to achieve low disease activity or remission (1, 2) . For patients with RA, monotherapy or combination therapy with nonbiologic disease-modifying antirheumatic drugs (DMARDs) is recommended as the initial treatment (1, 2) . The addition of a biologic DMARD (biologic agents that target molecules involved in RA pathogenesis) to nonbiologic DMARD therapy is recommended for patients who do not achieve low disease activity or remission with nonbiologic DMARD combination therapy and for patients who do not tolerate nonbiologic DMARD therapy.
Etanercept (ETN) is a tumor necrosis factor blocker that is indicated for the treatment of moderately to severely active RA, moderately to severely active polyarticular juvenile idiopathic arthritis in patients ages $2 years, psoriatic arthritis, active ankylosing spondylitis, and chronic moderate to severe plaque psoriasis (3) . Combination therapy with ETN and methotrexate (MTX) has been associat-ed with better clinical outcomes in patients with RA than ETN or MTX monotherapy (4, 5) . In a randomized controlled trial, triple combination therapy with the nonbiologic DMARDs sulfasalazine (SSZ), hydroxychloroquine (HCQ), and MTX was shown to be noninferior to ETN plus MTX therapy at 48 weeks in patients with early, poor prognosis RA with active disease (6) . Patients without a response to assigned therapy were switched at week 24 to the alternate regimen. Change from baseline to week 48 in Disease Activity Score based on 28 joints assessed (DAS28) and rates of 50% or 70% improvement in ACR criteria (ACR50 and ACR70, respectively) (7) were similar in patients using triple therapy and ETN plus MTX, and there was no significant difference in adverse events associated with the medications (6) . In another randomized, double-blind clinical trial, DAS28 scores were similar after 2 years of treatment in patients receiving ETN plus MTX and patients receiving triple therapy, but patients taking ETN and MTX had less radiographic progression than patients using triple therapy (change from baseline to week 102 in modified Sharp score of 0.64 versus 1.69; P 5 0.05) (8) .
Patients enrolled in clinical trials are carefully monitored to ensure that they receive treatment at the protocolspecified dose at scheduled intervals, whereas in clinical practice clinicians must rely on patients to take their prescribed doses. Although clinical trials provide important information about efficacy and safety of different treatments, they generally cannot account for adherence or persistence to therapy in clinical practice.
Adherence to therapy for RA has been reported to be low with both nonbiologic DMARDs (9,10) and biologic agents (11, 12) . However, no studies have reported on adherence to triple DMARD therapy in clinical practice. Additionally, studies to evaluate adherence to therapy for RA vary in the methods used to assess adherence, including self-reporting, pill counts, electronic monitoring, laboratory assays, and physician assessments (13) . A literature review spanning 10 years of published rates of adherence with nonbiologic DMARDs reported 1-year rates of adherence ranging from 30% to 81% (10) . Similarly, 2 systematic reviews of adherence and persistence to biologic DMARDs for RA reported 1-year adherence rates ranging from 32% to 91% (11) and 32% to 81% (12) . Additionally, rates of adherence decrease with an increasing number of medications (14) (15) (16) . Nonadherence to RA medications has a negative effect on clinical outcomes: patients with good adherence have lower disease activity (17) , with major and sustained outcomes (18) , whereas nonadherence is associated with disease flares (19) .
Adherence and persistence to combination nonbiologic and/or biologic DMARDs used in RA have not been clearly demonstrated in real-world clinical practice. Compared with patients taking monotherapy, patients using combination therapies may be more susceptible to treatment nonadherence, and thus subject to greater likelihood of unrealized therapeutic benefits. We used pharmacy and medical claims from commercial databases to evaluate real-world adherence to combination therapies used in RA. Specifically, the objective of this study was to evaluate adherence and persistence to triple therapy consisting of MTX, HCQ, and SSZ and to combination therapy with ETN plus MTX in adult US patients with RA. Patients were required to have a 6-month preindex period and were followed for 1 year. Treatment adherence, persistence, and criteria suggesting poor treatment response, including switching or adding a biologic or nonbiologic DMARD, increasing glucocorticoid usage, or having multiple intraarticular injections were assessed.
PATIENTS AND METHODS

Significance & Innovations
This was the first published study to assess nationwide treatment adherence and persistence among patients receiving etanercept plus methotrexate (ETN-MTX) and triple therapy in privately insured US patients with rheumatoid arthritis (RA). One-year adherence and persistence of 2 commonly prescribed combination therapies for RA were generally low, and adherence enhancement interventions may be warranted. Patients with RA using triple therapy had significantly lower 1-year adherence and persistence compared with the ETN-MTX arm: .80% using triple therapy were nonadherent and .75% were nonpersistent.
Patients. Commercially insured individuals or retirees with RA initiating ETN-MTX combination therapy or triple therapy between January 1, 2009 and July 1, 2012 were included in the study. Patients had to have $1 claim for ETN and oral MTX or $1 claim for oral MTX, HCQ, and SSZ (triple therapy) during the study period. The index date was defined separately for each treatment regimen.
For the ETN-MTX regimen, the index date was the date ETN was initiated. Patients could initiate ETN and MTX concurrently or could add ETN to MTX. Additionally, 1 of the following events was required to ensure that the patient was starting combination therapy, rather than switching from MTX to ETN: another prescription refill for MTX without a .30-day refill gap between the adjacent prescriptions, or an overlap of days' supply of ETN and MTX of $28 days.
For the triple therapy regimen the index date was defined as the date the last drug in the regimen was initiated, and that agent was the index agent. To ensure that the patient was not switching DMARDs, patients had to initiate the third agent (MTX, HCQ, or SSZ) while still taking the other 2 drugs, based on days' supply of prescription claims ( Figure 1 ). Additionally, 1 of the following events was required: another prescription refill for the first 2 drugs without a .30-day refill gap between the adjacent prescriptions for each drug, or an overlap of days' supply between the 3 agents of 28 days.
Patients in both arms had to be ages $18 years on the index date, have a diagnosis of RA (ICD-9-CM code 714.0) within 6 months prior to or on the index date, and be continuously enrolled 6 months prior to and 12 months after the index date (see Supplementary Figure 1 , available on the Arthritis Care & Research web site at http://onlinelibrary. wiley.com/doi/10.1002/acr.22638/abstract). Patients could not have claims for any RA-related biologic DMARD (abatacept, adalimumab, anakinra, certolizumab pegol, ETN, golimumab, infliximab, rituximab, tocilizumab) or the nonbiologic DMARD tofacitinib in the 6-month preindex period for the ETN-MTX arm or during the preindex period and 30-day postindex period (to ensure that patients were not waiting for authorization to initiate a biologic agent) for the triple therapy arm; claim for their index agent in the 6-month preindex period; claim for a new nonbiologic DMARD in the 30 days before or after the index date; or days' supply of another nonbiologic DMARD in the 30 days postindex. In addition, we excluded patients with a diagnosis of juvenile idiopathic arthritis (ICD-9-CM code 714.3x), plaque psoriasis (696.1x), psoriatic arthritis (696.0x), ankylosing spondylitis (720.0x), Crohn's disease (555.xx), or ulcerative colitis (556.xx) in the 6 months before or 30 days after the index date or any J-codes for MTX during the 12-month postindex period.
Outcomes. Study outcomes included rates of adherence and persistence to treatment regimen and individual drugs and criteria that might suggest poor treatment response, including switching or adding a biologic or nonbiologic DMARD, increasing glucocorticoid usage, or having multiple intraarticular injections.
Adherence was assessed using percentage of days covered (PDC). PDC is the percentage of days based on days' supply of prescription claims during which a patient has medication available during the 1-year postindex period. PDC differs from medication possession ratio in that gaps in coverage earlier in the year cannot be filled in by subsequent early refills. Patients with a PDC .80% for each drug within a treatment regimen were considered adherent to the regimen, independently of whether the last available prescription dates for drugs within each regimen were identical or different (20) . The 80% cutoff has been used in studies to examine adherence to medications (21) (22) (23) (24) and was used in our study for consistency.
A gap of 45 days in days' supply was used to define nonpersistence with treatment. Gaps were measured following the runout of the previous days' supply, appending for early refills. For the ETN-MTX arm, nonpersistence was defined as a 45-day gap in ETN or MTX, switching biologic agents, or adding a nonbiologic DMARD. For the triple therapy arm, nonpersistence was defined as a 45-day gap in MTX, HCQ, or SSZ, initiating a biologic agent, or adding a nonbiologic DMARD. Sensitivity analyses were conducted using gap lengths of 15, 30, and 60 days to assess the impact of tolerable gap length on persistence rates.
Criteria that suggest poor treatment response were based on those used to estimate effectiveness of RA therapy using claims data (25) ; however, that algorithm has not been validated for use with these specific regimens, and thus overall effectiveness was not assessed. The criteria used in the effectiveness algorithm were based on factors that could be expected to be associated with a suboptimal response to RA therapies (25) . The following criteria were assessed: switching or adding a biologic or nonbiologic DMARD, increasing glucocorticoid usage, or having multiple intraarticular injections after the first 90 days of therapy. Increased glucocorticoid use was defined as use of oral glucocorticoid therapy for .30 days between 90 days after the index date and 1 year postindex for patients who did not use glucocorticoid therapy during the preindex period, or .120% increase in oral glucocorticoid dose during months 7-12 postindex compared with the preindex period for patients who did use glucocorticoid therapy during the preindex period. 
Statistical analysis. Descriptive comparisons were made using 2-sample t-tests for continuous measures and chi-square tests for categorical measures. Multiple logistic regression models were used to control for risk factors for nonadherence and nonpersistence for ETN-MTX and triple therapy users, controlling for age (categories of 18-34, 35-44, 45-54, 55-64, and $65 years), sex (male, female), urban status (urban, rural), region (northeast, south, west, or midwest), index year (2009, 2010, 2011, or 2012) , health plan type (comprehensive/indemnity, health maintenance organizations, exclusive provider organizations/preferred provider organizations, point-of-service, consumer-directed health plans/high-deductible health plans, others/ unknown), preindex rheumatologist visits (yes, no), preindex total RA-related costs, preindex comorbidity level (as measured by the Charlson-Deyo comorbidity index), preindex glucocorticoid use (yes, no), and number of preindex distinct National Drug Code codes (as a proxy for medication use). Patients who met the selection criteria for both cohorts were only included in the triple therapy arm for multivariate modeling. Analyses were performed using Stata software, version 12.1.
RESULTS
Differences between patients. A total of 818 patients were included in the triple therapy arm and 3,724 were included in the ETN-MTX arm (Table 1 and Supplementary Tables 1, 2, 3 , and 4, available on the Arthritis Care & Research web site at http://onlinelibrary.wiley.com/doi/10. 1002/acr.22638/abstract). Twenty-nine patients met the criteria for both arms (all qualified as triple therapy users first) and were included in both arms. Patients in the triple therapy arm had a higher baseline Charlson-Deyo comorbidity score than the ETN-MTX arm (1.38 versus 1.30; P 5 0.008) and received more outpatient pharmacy medications than patients in the ETN-MTX arm (12.8 versus 11.5; P , 0.001) in the 6-month preindex period. Patients in the ETN-MTX arm were more likely to have seen a rheumatologist than patients in the triple therapy arm (65.5% versus 56.4%; P , 0.001) and had more RA-related outpatient visits than patients in the triple therapy arm (4.6 versus 3.5 visits; P , 0.001) in the 6-month preindex period.
Adherence. Bivariate analyses indicated that more patients in the ETN-MTX arm (27.9%) than in the triple therapy arm (18.2%) were adherent at 1 year postindex (P , 0.0001) ( Table 2) . After controlling for baseline demographic and clinical characteristics, treatment with triple therapy was associated with significantly lower odds of being adherent at 1 year (odds ratio [OR] 0.56, 95% confidence interval [95% CI] 0.46-0.68, P , 0.001) compared to treatment with ETN-MTX.
At 1 year, the mean 6 SD PDC for patients taking ETN-MTX was 67% 6 26% for combined ETN and MTX, 68% 6 33% for ETN, and 65% 6 33% for MTX. For patients using triple therapy, the mean 6 SD PDC was 63% 6 25% for all 3 agents, 70% 6 34% for MTX, 51% 6 37% for SSZ, and 69% 6 34% for HCQ.
Persistence. Bivariate analyses indicated that more patients in the ETN-MTX arm were persistent than patients in the triple therapy arm (29.4% versus 23.2%; P 5 0.005 at 1 year) ( Table 3 ). For patients in the ETN-MTX arm, persistence was similar between ETN and MTX through (Figure 2 ). For patients in the triple therapy arm, persistence was highest throughout the study for MTX, followed by HCQ and SSZ (Figure 2 ). After controlling for baseline demographic and clinical characteristics, treatment with triple therapy was associated with significantly lower odds of being persistent at 1 year (OR 0.69, 95% CI 0.58-0.83, P , 0.001) compared to treatment with ETN-MTX. Among patients who added or switched to another biologic or nonbiologic DMARD, the mean time to addition/switch was similar between ETN-MTX and triple therapy patients (mean 162 days; P 5 0.963). Sensitivity analyses showed that 1-year persistence ranged from 12.5% to 34.6% for ETN-MTX and from 10.3% to 26.7% for triple therapy using gap lengths of 15, 30, and 60 days.
Criteria suggesting poor treatment response. Patients in the triple therapy arm were significantly more likely to add a biologic DMARD than were patients in the ETN-MTX arm to switch biologic DMARDs (25.8% versus 19.7%; P , 0.001). Conversely, patients in the ETN-MTX arm were more likely to add a new nonbiologic DMARD than patients in the triple therapy arm (14.4% versus 8.7%; P , 0.001). In addition, patients in the triple therapy arm were more likely to add an oral glucocorticoid than patients in the ETN-MTX arm (7.6% versus 3.7%; P , 0.001). A similar percentage of patients in each arm had an increase in glucocorticoid dose and received multiple joint injections (Table 4) .
DISCUSSION
In this analysis of commercial claims data, RA patients initiating treatment with ETN-MTX had greater adherence and persistence at 1 year than patients initiating triple therapy. A hierarchy of persistence with individual agents was observed: for patients following the triple therapy regimen, persistence was greatest for MTX, followed by HCQ and SSZ. Rates of adding or switching DMARDs differed between groups, with patients using triple therapy more likely to add a biologic agent and patients taking ETN-MTX more likely to add another DMARD.
Nonadherence to medications is a substantial problem in the treatment of RA (13) . No consistent risk factors for nonadherence to RA medications have been identified (26, 27) , but frequent visits to the rheumatologist, satisfaction with the health care provider, and receipt of sufficient information about RA treatment correlate with better adherence (26, 28) . Overall, interventions to improve medication adherence have had limited effects (26) . Of the published randomized controlled trials of education interventions to improve adherence to nonbiologic DMARDs, 3 found modest (29) or no increases (30, 31) in adherence with group sessions versus handing out brochures, and 1 found no statistically significant difference between group counseling versus individual counseling (32) . Importantly, the number of medications has been shown to impact medication adherence (15, 16) . A single-institution analysis of a cohort of patients with a variety of diseases found that medication adherence was significantly lower in patients who were taking 5 or more medications (P , 0.0001) (16) . A logistic regression model constructed by Salt and Frazier (15) showed that the number of medications taken for RA was an independent predictor of nonadherence (OR 1.7, P , 0.05). Despite this relationship, we have found that patients using triple therapy as compared with ETN-MTX had significantly lower odds of being persistent and adherent after adjusting for number of medications used. Given this finding, treatment effectiveness of triple therapy would less likely be realized in real-world clinical scenarios.
A strength of this analysis was the use of objective claims data to evaluate rates of adherence and persistence, which does not rely on subjective patient-reported compliance or prescription patterns; adherence and persistence were based on processed health care claims. As such, "adherence" in this study may be more accurately described as "refill adherence." Assessing the adherence and persistence of triple therapy versus ETN-MTX combination therapy may not necessarily affect physician prescribing choice between the 2 regimens from an efficacy and safety standpoint. However, these data can provide a proxy indication in regards to the likelihood of realizing treatment effectiveness. This study had a number of limitations that are general to claims database analyses as well as some that are specific to this study. A diagnosis of RA was identified using ICD-9-CM diagnosis codes, which are subject to potential misclassification, although the added requirement of a claim for either a biologic agent or triple therapy should have increased the likelihood that the RA diagnosis was correct. Additionally, by using claims data we could only determine whether patients obtained, but not whether they actually took the drugs. As this study was a retrospective cohort study, the findings may not indicate any causal relationships between the exposure and outcome variables (33) . Patients may have been nonadherent or nonpersistent to their index treatment regimen for reasons other than lack of efficacy or safety issues, such as drug costs or alleviated disease severity. Other unmeasured confounders (e.g., race/ethnicity, education, socioeconomic status, etc.) may have affected the relationships identified between treatment regimen and outcomes (adherence and persistence). While risk factors for nonadherence and nonpersistence were considered in this analysis, patient-or physician-reported reasons for nonadherence and nonpersistence were not documented in the study database. This analysis was restricted to only 2 treatment regimens, and evaluation of other regimens is warranted. Another limitation of claims databases is that the prescribers' intent to prescribe is not known. Thus, patient eligibility involving assessment of prescription claims data (especially for combination therapies) may require extra caution to reduce the likelihood of including false cases. This caution is especially the case for triple therapy users, as many patients may have simply switched from 1 DMARD therapy to another without applying any gatekeeper criteria to identify the patients (Figure 1 and Supplementary Figure 1 , available on the Arthritis Care & Research web site at http://onlinelibrary. wiley.com/doi/10.1002/acr.22638/abstract). A conservative approach to define the combination therapies was deemed necessary to ensure that study findings that involved treatment comparisons had sufficient internal validity. Conversely, the strict eligibility requirements for identification of patients using triple therapy may have led to the omission of some patients who actually qualified to be included in the cohort (i.e., external validity).
Patients were identified by their treatment regimen and were not randomized to a treatment arm, and patients in each regimen may therefore represent different populations. The study was conducted using data from adult patients enrolled in a US health plan, and the data may not be generalizable to non-US plans, pediatric patients, or uninsured or underinsured patients. Because we restricted eligible patients using triple therapy (but not those taking ETN-MTX) to those who did not have a claim for biologic agents during the 30-day postindex period to ensure prior authorization of biologic agents did not occur, this singlearm exclusion criterion may overestimate the adherence and persistence of triple therapy, thus underestimating the differences between ETN-MTX and triple therapy.
In conclusion, adherence was poor for at least 1 agent in patients taking ETN-MTX or using triple therapy. Adherence was lowest for MTX in the ETN-MTX regimen and for SSZ in the triple therapy regimen. This analysis also revealed that patients with RA taking ETN-MTX had significantly higher adherence and persistence compared with patients using triple therapy. Given the substantial economic and clinical burden associated with nonadherence, it may be necessary to develop programs to improve the adherence of biologic and nonbiologic DMARD combination therapies in patients with RA.
